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Models and Tools

Solar Thermal and PV:

TRNSYS, FCHART

Buildings:

TRNSYS, DOE2, Energy-10, Energy+

Other:

CFD, FEA, Excel, Surfer, DView



Systems Analysis
[Yesterday]

• Parametrics



0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.0 0.2 0.4 0.6 0.8 1.0

Solar Fraction

A
n

n
u

al
 E

ff
ic

ie
n

cy
Stratified 

Ac (m2)1
2

3
4

6

w/o daytime draw

ICS

Active



0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.0 0.2 0.4 0.6 0.8 1.0

Solar Fraction

A
n

n
u

al
 E

ff
ic

ie
n

cy

PhoenixAtlanta

Stratified 

Ac (m2)1
2

3
4

6

w/o daytime draw



Increasing Computing Power
[Enhanced Systems Analysis]



Systems Analysis
[Today]

• Physics 
• Parametrics 
• Climates 
• Dynamics
• End Uses
• Optimization



Systems Analysis
[Today]

Objectives:

• Comprehensive, accurate analysis

• Comprehensible, generalized results



Physics



Computational Fluid Dynamics 
ICS Solar Water Heater Tank/HX Convection



Stresses in the segment decrease as the elastic modulus decreases.  This relationship is due to the 
panel’s increased flexure and subsequent increased arc.  

Finite Element Analysis
ICS Solar Water Heater Tank Segment



Finite Element Analysis
ICS Solar Water Heater Glazing Wind Loading



Climates



216 TMY Sites



ICS Solar Water Heating
(216 locations in the continental U.S.)
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Active Solar Water Heating
(216 locations in the continental U.S.)
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Solar Orientation Factor
(indicates % of optimal incident solar radiation)
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Simulation
216 Sites

Correlation
4500 Sites

20-Year Pipe Freeze Probability
Residential: 3/4” Pipe, 1” Insulation



Dynamics
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TRNSYS Online Plotter



DView
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End Uses



Albuquerque, NM
Unglazed Collector 126 ft2, ∆∆∆∆T_HX = 5
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Optimization



ZEB Optimization

How to best achieve Zero Net Energy:

• How much PV?

• How much solar thermal?

• How much building efficiency?

• How much does it cost?



Simulation / Optimization Software

DOE2

BE-OPT

TRNSYS
SDHW

PV

TMY2
Optimal

ZNE
Designs

Heating
Cooling

Lighting
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Equal Marginal Costs at Optimum

CEwalls =  CEwindows =  CEHVAC …    =  CEPV

PV

PV
PV E

CE
$=

Eff

Eff
Eff E

CE
∆
∆

=
$

where:







PV Marginal Cost





Initialization:
•Scan for categories/options
•Select optimizable options
•Set initial values
•Set category evaluation order

For each iteration:
For each category:

For each option:
•Put option into building
•Simulate to determine energy use

•Plot energy use vs. cost
•Eliminate extraneous points
•Calculate marginal costs
•Select optimal option vs. PV threshold
•Put optimal option into base building

•Reverse category evaluation order
•Compare with previous iteration, quit if identical

Overall Optimization Procedure
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Sacramento, CA
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On the Path to Zero Net Energy
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On the Path to Zero Net Energy
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On the Path to Zero Net Energy
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•selectable options
•appliances
•domestic hot water options
•building orientation 
•window area/distributions
•thermal mass
•effects of time-of-day and/or demand rates 
•discrete PV-related costs for modules/arrays and/or inverters 
•constraints such as limited available roof area
•use of natural gas in ZNEB’s 
•embodied energy 
•optimization studies for different regions and climates  
•optimal designs on the path to ZNE 

(i.e., as a function of $’s invested or energy use targets)  

Future Work



Conclusions

• Detailed systems analysis to support  
technology development

• Moore’s Law!

• Whole building optimization:
– performance/cost
– multiple end uses
– multiple efficiency options 
– multiple solar options
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DOE2v107
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DOE2v136
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